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A B S T R A C T
The accuracy and speed in an enumeration task were investigated in adolescents with
typical and atypically poor development of arithmetic skills. The number naming
performances on small and large non-symbolic numerosities of 18 adolescents with
mathematical learning disorders (MLD) and 28 typically achieving age-matched (TA)
adolescents were compared. A mixed logistic regression model showed that adolescents
with MLD were not signiﬁcantly less accurate on numbers within the subitizing range than
control peers. Moreover, no signiﬁcant differences in reaction times were found between
both groups. Nevertheless, we found that within the control group adolescents with higher
ability tended to respond faster when taking into account the whole range (1–9) of
numerosities. This correlation was much weaker in the MLD group. When looking more
closely at the data, however, it became clear that the correlation between accuracy and
speed within the control group differed in direction dependent on the range (subitizing or
counting) of the numerosities. As such, our ﬁndings did not support a limited capacity of
subitizing in MLD. However, the data stressed a different correlation between speed and
accuracy for both groups of adolescents and a different behavioral pattern depending on
the numerosity range as well. Implications for the understanding and approach of MLD are
considered.
 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-SA license.1. Introduction
Mathematical literacy is important in our society (e.g., Vanmeirhaeghe, 2012). Numbers and mathematics are inherently
present in everyday life; each day we are confronted with it while paying in the shop, baking a cake, traveling by train . . ..
However, it is a fact that in some children determining numerosity ‘gives stress’ (e.g., Vanmeirhaeghe, 2012). Although
speciﬁc mathematical learning disorders (MLD) have serious educational consequences, this area has received less attention
than it deserves contrary to speciﬁc reading disorders (Dowker, 2005; Tymms, 1999). The estimated prevalence of MLD lies* Corresponding author at: Department of Experimental Clinical and Health Psychology, Henri Dunantlaan 2, 9000 Ghent, Belgium.
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Association (APA), 2013; Barbaresi, Katusic, Colligan, Weaver, & Jacobsen, 2005; Dowker, 2005; Shalev, Manor, & Gross-Tsur,
2005).
In the Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5; APA, 2013), the term MLD refers to the speciﬁc
learning disorder with a signiﬁcant degree of impairment in mathematics, manifesting itself in difﬁculties with mastering
number facts, mathematical reasoning or calculation skills. In accordance with the deﬁnition in the DSM-5 (APA, 2013) as
described below, three criteria are used to determine whether a child has a clinical diagnosis of MLD, namely the severeness
criterion, the resistance criterion and the exclusion criterion (Fuchs et al., 2007). The mathematics abilities of individuals
with MLD situate themselves substantially and quantiﬁably below those expected for the individual’s chronological age,
causing interference with academic performance (APA, 2013). This is known as the severeness criterion (Fuchs et al., 2007).
In addition, the symptoms persist for at least 6 months despite the provision of interventions that target the speciﬁc
difﬁculties (APA, 2013). This is referred to as the resistance criterion or a lack of responsiveness to intervention (RTI; Fuchs
et al., 2007). Finally, the MLD related problems cannot be better accounted for by intellectual disabilities or external factors
(such as inadequate educational instruction) that could provide sufﬁcient evidence for scholastic failure (APA, 2013), also
known as the exclusion criterion (Fuchs et al., 2007).
There are several models trying to describe or explain the mechanisms underlying quantity processing deﬁcits in children
with MLD. Some models focus on immature counting and calculation strategies, deﬁcits in working memory or retrieving
from semantic long term memory, problems with visual spatial elaboration, and executive deﬁcits (e.g., Geary, 2011;
Passolunghi & Siegel, 2004). However, other researchers consider the above mentioned deﬁcits as ‘higher’ order problems of
children with MLD resulting from a ‘low-level’ deﬁcient or imprecise number representation (e.g., Butterworth, 2005a,b;
Butterworth, Varma, & Laurillard, 2011). From this perspective, MLD is the result of a speciﬁc disability in basic numerical
processing rather than the consequence of a deﬁcit in other cognitive abilities such as outlined above (e.g., Landerl, Bevan, &
Butterworth, 2004; Noe¨l & Rousselle, 2011).
Within the ﬁeld of MLD, subitizing or the rapid (40–100 ms/item), automatic and accurate assessment of small quantities
of up to three (or four) items (Kaufman, Lord, Reese, & Volkmann, 1949; Koontz & Berch, 1996; Trick & Pylyshyn, 1993) is
investigated as a core deﬁcit in this basic numerical processing (e.g., Fischer, Gebhardt, & Hartnegg, 2008; Schleifer & Landerl,
2011). According to some studies, children with MLD serially count items within the subitizing range, while typically
achieving (TA) children subitize the same amount of items (e.g., Bruandet, Molko, Cohen, & Dehaene, 2004; Butterworth,
1999; Moeller, Neuburger, Kaufmann, Landerl, & Nuerk, 2009). Although it is demonstrated that children with MLD are
slower in subitizing tasks compared to TA children (e.g., Koontz & Berch, 1996; Landerl et al., 2004; Schleifer & Landerl,
2011), there is no consensus on this ‘subitizing problem’ since some studies do not support children with MLD being slower
on small numbers (De Smedt & Gilmore, 2011; Rousselle & Noe¨l, 2007). In addition, some studies revealed that, indeed, some
of the children with MLD (but not all of them) have subitizing problems. Desoete and Gre´goire (2006), for example, found a
subitizing deﬁcit in 33% of the children of 8.5 years old with a clinical diagnosis of MLD. Fischer et al. (2008) found that
between 43% and 79% of the subjects in the age range of 7–17 years with MLD performed below the 16th percentile of the
peer control groups on subitizing tasks.
In the above mentioned studies different tasks were used, making studies difﬁcult to compare. In some studies, stimuli
were presented during a short time span, disabling counting and urging subjects to use subitizing (e.g., Fischer et al., 2008). In
other studies, subjects were allowed to count as stimuli were shown until a response was given (e.g., Moeller et al., 2009).
Although the former method is the best way to assess rapid enumeration of a small set of items without counting, the latter is
used more often.
This study aims to enlarge the knowledge about subitizing in MLD using an enumeration task presenting numerosities
(up till nine) only for a short time to MLD and TA adolescents. The main question is whether these groups differ in accuracy
and reaction time for either small (up till four) or larger numbers (from ﬁve to nine). In line with Fischer et al. (2008), who
used a similar task to investigate enumeration in subjects with and without MLD (age 7–17 years), it is expected that the
MLD group will perform both slower and less accurate than the TA group, especially regarding the small numbers within the
subitizing range.
2. Method
2.1. Participants and procedure
Participants were 18 adolescents with MLD and 28 TA adolescents between 13 and 16 years old. Age, IQ and gender of the
subjects are described in Table 1. As shown in this table, no signiﬁcant differences in age (p = .482) or gender (p = .953) were
found between the groups. However, there was a signiﬁcant difference in intelligence between the groups (p = .002).
All subjects were living in Flanders, the Dutch speaking part of Belgium. About half of the 46 participants were a
subsample of a larger cohort study of JOnG!, from which this study is only one part. The cohort study was carried out by the
universities of Ghent and Louvain at the request of the Belgian government (http://www.steunpuntwvg.be/jong). For
information about the larger study design see Grietens, Hoppenbrouwers, Desoete, Wiersema, and Van Leeuwen (2010).
Additional adolescents (n = 22) for the current study were recruited from mainstream and special education schools and an
informed consent was obtained for each participant. The present study – as part of the larger study – was approved by the
Table 1
Descriptive characteristics of the participants.
TA Group
n = 28
MLD Group
n = 18
t(1, 44)
M (SD) M (SD)
Age 14.43 (0.57) 14.33 (0.77) 0.48
IQ 103.29 (9.89) 93.17 (10.58) 3.29*
EMT 15.29 (16.11) 10.28 (2.35) 1.31
KLEPEL 16.39 (20.98) 10.78 (2.49) 1.43
TTR 78.25 (18.94) 43.28 (21.37) 5.81*
KTR-R 63.82 (25.22) 10.56 (8.95) 8.59*
Gender Boys Girls Boys Girls x2(1)
8 20 5 13 0.003
Note: TA, typical achieving; MLD, mathematical learning disabilities; EMT, one-minute-test; TTR, Arithmetic Number Fact Test; KRT-R, Kortrijk Arithmetic
Test Revision.
* p  .05.
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by local ‘Pupil Guidance Centres’ [Centra voor Leerlingenbegeleiding, CLB] in Flanders. Master students in educational
sciences were trained to administer the tests of the testprotocol used in this study.
In order to be included in the sample of this study as a participant with MLD, adolescents needed to have a clinical
diagnosis of impairing learning difﬁculties as indicated by parent-report within the scope of the larger cohort study of JOnG!
(http://www.steunpuntwvg.be/jong). Whether it concerned the speciﬁc diagnosis of MLD was questioned telephonically
afterwards. In Flanders, a standardized test on the memorization of arithmetic facts and a test on accurate and ﬂuent
calculation are commonly used to explore the severeness criterion regarding impaired mathematical abilities. The second
criterion implies the persistence of number fact or calculation difﬁculties despite the provision of targeted interventions
(non-responsiveness to remediation; Desoete et al., 2010). Finally, to meet the exclusion criterion, mathematical problems
may not be due to a lack in education, a sensory deﬁcit or another behavioral or developmental disorder.
In the current study, this formal diagnosis of MLD (fulﬁlling the three criteria as described above), was conﬁrmed as
follows. The subjects had to be at least of average intelligence and score below the 25th percentile (in line with Geary, 2004)
on ﬂuent calculation or memorization of arithmetic facts when compared to 2-year younger children, to demonstrate the
affected academic skills and signiﬁcant interference with academic performance as suggested in DSM-5 (APA, 2013).
Furthermore, reading and spelling scores achieved by MLD adolescents had to exceed the 25th percentile in order to exclude
a comorbid diagnosis of a speciﬁc learning disorder with impairment in reading or written expression. In the TA group,
adolescents had to be at least of average intelligence and needed to have scores above the 25th percentile on mathematics,
reading and spelling. In TA adolescents, there was no parental concern on academic or other developmental problems as
indicated by parent-report within the scope of the larger cohort study of JOnG! (http://www.steunpuntwvg.be/jong).
2.2. Measures
2.2.1. Intelligence
An estimated IQ was calculated, using an abbreviated version of the Dutch Wechsler Intelligence Scale for Children – Third
Edition (WISC-III; Wechsler, 2005). This shortened version was recommended by Gre´goire (2000), has a high correlation
(r = .93) with full scale IQ (Kaufman, Kaufman, Balgopal, & McLean, 1996) and consists of four subtests: Vocabulary,
Similarities, Picture Arrangement, and Block Design.
2.2.2. Mathematics
All adolescents were tested with the Arithmetic Number Fact Test (Tempo Test Rekenen [TTR]; De Vos, 1992) and the Kortrijk
Arithmetic Test Revision (Kortrijkse Rekentest-Revisie [KRT-R]; Baudonck et al., 2010). The TTR is a test on memorization of
arithmetic facts, consisting of ﬁve subtests concerning arithmetic number fact problems: addition, subtraction,
multiplication, division, and mixed exercises. The participants had to solve as many items as possible in 5 min; they
could work 1 min on every column. The TTR is a frequently used test in Flemish education and scientiﬁc research as a
measure of the memorization of arithmetic facts (e.g., Bachot, Gevers, Fias, & Roeyers, 2005; Callens, Tops, & Brysbaert, 2012;
Stock, Desoete, & Roeyers, 2010; Tops, Callens, Lammertyn, Van Hees, & Brysbaert, 2012; Zhao, Valcke, Desoete, Burny, &
Imbo, 2013). Moreover, the test has been standardized in Flanders on a sample of 10,059 children in total (Ghesquie`re &
Ruijssenaars, 1994).
The KRT-R is a standardized test of mathematical achievement which requires that individuals solve mental arithmetic
and number knowledge tasks. The KRT-R is frequently used in Flemish education as a measure of accurate calculation skills
(e.g., Stock et al., 2010). The psychometric value of the KRT-R has been demonstrated on a sample of 3246 children in total. A
validity coefﬁcient (correlation with teacher ratings) and reliability coefﬁcient (Cronbach’s alpha) of respectively .65 and .83
were found. In addition, the test–retest value was .78 (Baudonck et al., 2010).
A. Ceulemans et al. / Research in Developmental Disabilities 35 (2014) 27–35302.2.3. Reading and spelling
All adolescents were tested with standardized Dutch reading and spelling measures. Word reading accuracy and ﬂuency
were assessed by the One Minute Reading Test (EMT; Brus & Voeten, 2010) and pseudo word reading by the Klepel (Van den
Bos, Spelberg, Scheepstra, & de Vries, 2010). Both reading tests consist of lists of 116 unrelated words. The adolescents were
instructed to read as many words as possible in one (EMT) or 2 min (Klepel) without making errors. On both tests, the raw
score consisted of the number of words read correctly. Both tests were validated in Flanders on 10,059 children (Ghesquie`re
& Ruijssenaars, 1994). The reliability of the EMT was .76 and a value of .91 was found for the Klepel (Van den Bos, Spelberg,
Scheepstra, & de Vries, 1994).
Spelling accuracy was assessed with the Paedological Institute-dictation (PI-dictation; Geelhoed & Reitsma, 2004), a Dutch
standardized test in which children have to write down the repeated word from each sentence. The test consists of nine
blocks of 15 words. Each block has a higher difﬁculty level and testing is stopped once an individual makes seven or more
errors in a block. The raw score was the number of words spelled out correctly. The test was validated on 3633 children, with
a reliability of .90 (Geelhoed & Reitsma, 2004).
2.2.4. Numerosity
All adolescents were tested with an enumeration test. In this task, stimuli were displayed on a 1700 monitor. Responses
were collected using a microphone headset. Each trial began with a ﬁxation point presented for 500 ms. A display containing
one to nine square boxes was then centrally presented at ﬁxation until a vocal response was detected. Participants were
instructed to say aloud the number of squares on the screen. All squares were black on a white background. The individual
area, total area and density of the squares were varied to ensure that participants could not use non-numerical cues to make
a correct decision (see Dehaene et al., 2005; Maloney, Risko, Ansari, & Fugelsang, 2010). There were two try-outs and one test
moment. In the ﬁrst try-out the adolescent was presented with ﬁve different screens with squares. The presentation time
was limited to 5000 ms but the reaction time was unlimited. The second try-out consisted of 10 screenshots of different
numbers of squares situated at random on the screen. The presentation time was 120 ms – in line with the study of Hannula,
Ra¨sa¨nen, and Lehtinen (2007) and Fischer et al. (2008) – and the participants had to react within 5 s after the presentation.
The test session consisted of 72 samples with a presentation time of 120 ms. Both accuracy and reaction time (only correct
trials were included) were measured.
2.3. Analyses
In order to deﬁne the subitizing and counting range for both groups, multiphase models (Cudeck & Klebe, 2002) were
ﬁtted to the response times for each individual separately as a function of the numerosity. More speciﬁcally, a linear-
quadratic model with varying change point at t is assumed with a continuity between both segments. The difference
between the medians of the estimated individual change points in the MLD group and TA group is assessed using a Wilcoxon-
rank test.
To assess the difference between response times in both groups, a linear mixed model with crossed random effects (a
random effect for each participant and a random effect for each stimulus) and ﬁxed effects for numerosity (as a factor), group
and their interaction was ﬁtted. The variance of the random effects for the participants reﬂects the variability in speed
between participants, while the variance of the random effects of the stimuli reﬂects the variability in the intensity of the
stimuli (Loeys, Rosseel, & Baten, 2011). Similarly, a mixed logistic regression model with crossed random effects with the
same ﬁxed effects was used to assess the difference in accuracy (i.e., the probability of giving a correct response). Here, the
variance of the random effects for the participants reﬂects the variability in capacity between participants, while the
variance of the random effects of the stimuli reﬂects the variability in the difﬁculty level of the stimuli. Using a joint modeling
framework for the response time and accuracy (Loeys et al., 2011), one can use the correlation of the random effects for the
participants from both models to explore the speed–accuracy trade-off.
Analyses were performed in R 2.15.3 (R Core Team, 2013) for the linear mixed model and in SAS1 9.3 (1SAS Institute Inc.,
Cary NC, 2011) for the linear-quadratic model change point analysis.
3. Results
The median change point in the TA group was 3.9 (interquartile range from 3.5 to 4.2), while in the MLD group the median
change point was 3.6 (interquartile range from 2.8 to 4.6). The difference in medians between both groups was not
statistically signiﬁcant (Wilcoxon Z = 1.13, p = .256). The 1–4 range was, therefore, deﬁned as the subitizing range and the 5–
9 range as the counting range in all subsequent analyses.
The mean of the accuracy scores, calculated as the percentage of correct responses at each numerosity, are presented by
group in Fig. 1. The overall mean accuracy on the enumeration task was 72.07% (SE = 1.00) for adolescents without MLD and
64.81% (SE = 1.33) for adolescents with MLD.1 SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc., Cary, NC,
USA.
Fig. 1. Mean accuracy (in percentage of correct responses) for the offered numerosities during the enumeration task.
Fig. 2. Mean reaction time (in milliseconds) for the offered numerosities during the enumeration task.
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found between groups (all p > 300).
When grouping the numerosities into categories according to the above deﬁned subitizing range and counting range, a
signiﬁcant difference (p = .001) was observed in accuracy between the TA group (Mcounting = 50.54%, SE = 1.49;
Msubitizing = 99.00%, SE = 0.33) and the MLD group (Mcounting = 38.19%, SE = 1.81; Msubitizing = 98.09%, SE = 0.57) in the counting
range (with the TA group being more accurate than the MLD group), but not in the subitizing range (p = .479).
Next, the mean reaction times on the enumeration task at each of the numerosities are presented by group in Fig. 2. The
overall mean reaction time on the enumeration task was 844.15 ms (SE = 48.20) for adolescents without MLD and 878.73
(SE = 57.13) for adolescents with MLD.
Based on the mixed model for the response time, no overall signiﬁcant difference was found between both groups
(p = .300) at the 5% signiﬁcance level. When looking at each numerosity level separately, the largest differences were found at
numerosities 4 and 6 (p = .019 and p = .013, respectively), but after applying a conservative Bonferroni correction, these
differences were no longer considered signiﬁcant.
When grouping the numerosities into categories according to the above deﬁned subitizing range and counting range, a
marginally signiﬁcant difference (p = .051) was observed in response times between the TA group (Mcounting = 1005.37,
SE = 69.73; Msubitizing = 636.44, SE = 28.22) and the MLD group (Mcounting = 1087.01, SE = 86.96; Msubitizing = 651.04, SE = 34.77)
in the counting range (with the TA group responding faster than the MLD group), but not in the subitizing range (p = .800).
Finally, based on the joint modeling approach, the speed–accuracy trade-off was explored. In the TA group we found that
increasing speed was signiﬁcantly associated with higher accuracy; the correlation equals .34 (95% CI from .05 to .63). In
contrast, this association was much weaker in the MLD group; the correlation only equaled .09 (95% CI from .34 to .46). In
other words, we observed that while in the control group adolescents with a higher ability (accuracy) tended to respond
faster, this correlation was much weaker in the MLD group. Using Fisher r-to-z transformations, however, no signiﬁcant
difference between the two correlation coefﬁcients was found (z = 0.81, p = .418). Adjusted for IQ, the same results could be
found (correlation equal to .34 with 95% CI from .03 to .64 in the TA group, and .08 with 95% CI from .32 to .64 in the MLD
group).
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the subitizing range, the correlations were even numerically negative and equal .10 (95% CI from .51 to .42) and .05 (95%
CI from .51 to .55) in the TA group and MLD group, respectively. However, it should be noted that in this range the error rate
was rather low for all participants, and hence the variability between participants was low. In the counting range on the
other hand, the correlations between the speed and accuracy equaled .34 (95% CI from .01 to .64) and .04 (95% CI from .37 to
.45) in the TA group and MLD group, respectively.
4. Discussion
From the graphs on the reaction time and accuracy data, it is clear that all participants switched to a slower process of
enumeration in larger numbers (from number ﬁve onwards). They also tended to answer less accurately within this range of
numbers. Considering possible differences between the groups, no overall signiﬁcant differences were found in accuracy or
reaction time when taking into account the whole range of numerosities (1–9) or the numbers in the subitizing range (1–4).
For the counting range (5–9), however, analyses revealed a marginally signiﬁcant difference in accuracy and a signiﬁcant
difference in reaction time between the TA and the MLD group with the former group being more accurate and responding
faster during the enumeration task within this range.
To conclude, no evidence was found in the MLD group neither for a less accurate performance nor for a slower processing
of numbers within the subitizing range. This is in line with De Smedt and Gilmore (2011) and Rousselle and Noe¨l (2007), but
in contrast with some other studies (e.g., Fischer et al., 2008; Moeller et al., 2009; Schleifer & Landerl, 2011).
This lack of evidence of impaired subitizing skills in the current study might be due to speciﬁc task instructions or speciﬁc
sample characteristics. First, compared with the study of Moeller and colleagues (2009), our task urged subjects to rely on
subitizing instead of counting skills, whereas no time constraints were set in the other study. Second, our sample included
both more and older participants as compared with this study (Moeller et al., 2009). However, even when comparing our
study with one using a similar task in (partially) the same age group, such as the one by Fischer and colleagues (2008),
differences in reaction time or accuracy in subitizing performance between MLD and TA subjects could not be replicated.
Since MLD might not be as homogeneous as assumed (some studies even revealed subtypes, e.g., Geary, 2004; Pieters,
Roeyers, Rosseel, Van Waelvelde, & Desoete, 2013; Robinson, Menchetti, & Torgesen, 2002; Temple, 1991), our study might
just suggest that not all subjects with MLD also have a subitizing deﬁcit.
Our data indicate, furthermore, that problems in MLD are not located at the level of rapid or accurate encoding of small
quantities per se. Rather, the combination of speed and accuracy in enumerating quantities up till nine seems to have a
different outcome in adolescents with MLD compared to their TA peers. However no signiﬁcant difference was found
between the groups on the speed–accuracy correlation, it was demonstrated that whereas TA adolescents with higher
enumeration accuracy also responded faster, their peers with MLD did hardly show this tendency. Even though the MLD and
TA group showed different intelligence proﬁles, correction for IQ did not reveal any difference in the results. Moreover, IQ
was no signiﬁcant predictor of either reaction time or accuracy. This ﬁnding demonstrates that in TA adolescents an
automatisation process occurs which enables them to respond both fast and accurate during an enumeration task including
numerosities up till nine.
The enumeration task in the current study implicitly required subjects to make an association between the non-symbolic
(e.g., group of items with different quantities) internal representation of magnitude and a symbolic modality of the same
magnitude. This is, participants needed to verbally name the number word of the represented quantity on the screen. As
individuals with MLD experience difﬁculties with the automatic association of symbols to the internal representation of
magnitude (e.g., Rubinsten & Henik, 2005), it is likely that they would use more time to overthink the correct response to
improve their performance on an enumeration task. This is in line with standard theories on speed–accuracy trade-off (SAT;
e.g., Shouten & Bekker, 1967; Wickelgren, 1977), according to which one might expect that slower responding is beneﬁcial
for accuracy since subjects have more time to consider the correct response (e.g., Falkenstein, Hoormann, Christ, &
Hohnsbein, 2000).
The fact that our results did not reﬂect the use of a SAT strategy in MLD subjects could be once more due to our speciﬁc
task instructions. Since the stimuli were only presented during a short time span, subjects were not advantaged when taking
more time to overthink their responses. As such, trading speed for accuracy was not beneﬁcial in this context. In contrast,
enumeration tasks in which the design enables participants to count the presented numerosities could trigger this trade-off
in MLD subjects. Nevertheless, the lack of a substantial correlation between speed and accuracy suggests that the ability to
enumerate quantities (small or large) is not (yet) automated in adolescents with MLD.
Moreover, when taking into account this correlation separately for the subitizing and counting range, a different
behavioral pattern is observed between the TA and MLD group. Analyses revealed that the subitizing range could be deﬁned
from numerosities one to four, while the counting range encompassed those from ﬁve to nine for both groups of adolescents.
For the MLD group, the speed–accuracy correlation is negligible considering both ranges, respectively. For the TA group, in
contrast, a less negligible – though, still low – negative correlation could be observed for the subitizing range and a positive
correlation for the counting range. The latter result is consistent with the aforementioned overall speed–accuracy correlation
for the whole range of numerosities. The former, however, shows a relation in the opposite direction between speed and
accuracy, meaning that the more time subjects take to overthink their answer, the better they perform. Although this is
somehow against expectations – especially regarding small numerosities for which one is expected to use subitizing skills
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numerosity belongs.
It seems that while in TA adolescents the range deﬁnes the answer strategy, this is not the case in their MLD peers. The
marginally signiﬁcant difference in reaction time and the signiﬁcant difference in accuracy between the TA and the MLD
group in the counting range (with the TA group reacting faster and more accurate) as well as the speed–accuracy correlation
speciﬁcally for the counting but not the subitizing range, point in this direction. It might be that TA adolescents sense that
taking less time during an enumeration task within the counting range is more efﬁcient. This suggests that, in this case, the
TA individuals rely on a faster estimation process compared to the more time consuming strategy of counting. Moreover, a
counting strategy was not feasible anyway given the restricted presentation time. The higher accuracy for TA subjects for
numbers within this counting range also mirrors the beneﬁcial use of their strategy.
This theoretical consideration can result in some practical implications regarding assessment, intervention and support
of MLD. First, the assessment of number naming should at least take into account both speed and accuracy as well as the
combination of both aspects. Second, based on the lack of observed speed–accuracy correlation, adolescents with MLD seem
to have problems with adjusting their behavior according to the speciﬁc demands of a learning situation. This implies,
consequently, that they have more troubles to orient and choose the most efﬁcient mathematical strategy. Therefore, it
might be useful to focus on declarative, conditional and procedural knowledge and to help them understand what, when and
how strategies work and why these strategies – such as taking more time – are useful to solve speciﬁc math related
problems. Not knowing which strategy to choose may underlie the resistance to instruction (RTI) of children and adolescents
with MLD. Moreover, assessment should aim at detecting strong and weak skills in adolescents with MLD in order to develop
reasonable adjustments or STICORDI-advices. STICORDI stands for stimulation, compensation, remediation, and
dispensation advices based on speciﬁc needs of the individual child (Henneman, 1989). This could imply that if the
above mentioned intervention does not sufﬁce in improving basic numerical skills, compensatory mechanisms (such as a
calculator) should be offered to improve performance when put under time pressure.
The results of this study should be interpreted with care, since the number enumeration skills were only assessed in a
small group of adolescents with and without MLD. Obviously, sample size is not a problem for signiﬁcant differences.
However, when analyses have insufﬁcient power and are not signiﬁcant, a risk of type 2- or b-mistakes cannot be excluded.
Additional research with a larger group of participants is indicated anyway. Furthermore, accuracy within the subitizing
range (1–4) was very high, resulting in hardly any variation in this measure, making the estimation of the relation between
speed and accuracy more difﬁcult. In addition, number enumeration is only one possible paradigm to assess the ability to
process numerosities. Although an attempt was made to explain the results related to enumeration of numbers within the
counting range, the task used in the current study aimed to especially investigate subitizing more in depth. Other paradigms
such as traditional number comparison tasks might therefore be more suitable to draw conclusions on performances in the
counting range. Future research should thus consider other paradigms or combine paradigms within and outside the
subitizing range (Defever, Sasanguie, Gebuis, & Reynvoet, 2011; Kadosh, Muggleton, Silvanto, & Walsh, 2010; van Opstal &
Verguts, 2011).
To summarize, adolescents with MLD show a different proﬁle regarding speed–accuracy performance on an enumeration
task compared to TA peers. Within this scope, future research should address this topic more in detail to unravel the role of
subitizing as a possible core deﬁcit of MLD.
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